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I, Tadahiko Itoh, a Patent Attorney of Tokyo, 
Japan having my office at 32nd Floor, Yebisu Garden 
Place Tower, 20-3 Ebisu 4-Chome, Shibuya-Ku, Tokyo 150- 
6032, Japan do solemnly and sincerely declare that I am 
the translator of the attached English language 
translation and certify that the attached English 
language translation is a correct, true and faithful 
translation of Japanese Patent Application 

No. 2000-112700 to the best of my knowledge and 

belief . 

I hereby declare that all statements made 
herein of my own knowledge are true and that all 
statements made on information and belief are believed 
to be true; and further that these statements were made 
with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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[Name of Document] Specification 

[TITLE OF INVENTION] RETRANSMISSION CONTROL METHOD. 

INFORMATION DELIVERY APPARATUS, AND 
RADIO TERMINAL IN A MULTICAST SERVICE 
5 PROVIDING SYSTEM 

[Claims] 

1. A retransmission control method in a multicast service providing system 
in which multicast information is delivered to radio terminals in a service area via radio 
section from an information delivery apparatus, comprising the steps of: 

1 0 determining a radio terminal of which transmission of a retransmission request is 

permitted; and 

delivering concerning multicast information from the information delivery 
apparatus in case that a retransmission request of multicast information delivered from a 
determined radio terminal is received to the information delivery apparatus. 

15 

2. The retransmission control method in a multicast service providing system 
as described in claim 1, wherein 

the information delivery apparatus determines a radio terminal of which 
transmission of a retransmission request is permitted, and 
20 the retransmission control method further comprises a step of notifying the 

determined radio terminal from the information delivery apparatus of that transmission of 
the retransmission request is permitted. 

3. The retransmission control method in a multicast service providing system 
25 as described in claim 1, wherein 

the radio terminal determines whether the radio terminal is or not of which 
transmission of a retransmission request is permitted 

4. The retransmission control method in a multicast service providing system 
30 as described in one of claims 1 to 3, wherein 

radio terminals determined as a radio terminal of which a retransmission request is 
permitted in the service area are plural in number. 

5. The retransmission control method in a multicast service providing system 
35 as described in one of claims 1 to 4, wherein 
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the retransmission control method further comprises a step of determining the 
radio terminal of which the retransmission request is permitted by grouping on the basis of 
unique information of each of the radio terminals in the service area. 

5 6, The retransmission control method in a multicast service providing system 

as described in one of claims 1 to 4, wherein 

the retransmission control method further comprises a step of determining the 
radio terminal of which the retransmission request is permitted on the basis of 
communication quality between the information delivery apparatus and each of the radio 
10 terminals. 

7. The retransmission control method in a multicast service providing system 
as described in one of claims 1 to 4, wherein 

the retransmission control method further comprises a step of determining the 
15 radio terminal of which the retransmission request is permitted on the basis of distance 
between the information delivery apparatus and each of the radio terminals. 

8. The retransmission control method in a multicast service providing system 
as described in one of claims 1 to 4, wherein 

20 the retransmission control method further comprises a step of determining the 

radio terminal of which the retransmission request is permitted on the basis of direction of 
each of the radio terminals from the information delivery apparatus. 

9. The retransmission control method in a multicast service providing system 
25 as described in one of claims 1 to 4, wherein 

the retransmission control method further comprises a step of determining the 
radio terminal of which the retransmission request is permitted on the basis of moving 
speed of each of the radio terminals. 

3 0 10. The retransmission control method in a multicast service providing system 

as described in one of claims 1 to 9, wherein 

the retransmission control method further comprises a step of changing the radio 
terminal of which the retransmission request should be permitted on the basis of status of 
retransmission request to multicast information from each of the radio terminals of which 

35 retransmission requests are permitted 
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11. The retransmission control method in a multicast service providing system 
as described in claim 1, wherein 

the retransmission control method further comprises a step of changing the radio 
5 terminal of which the retransmission request should be permitted when the radio terminal 
of which the retransmission request is permitted ends receiving a delivery of multicast 
information. 

12. An information delivery apparatus delivering multicast information to 
10 radio terminals located in a service area via radio section, comprising: 

a rctransmission-permitled-terminal determining means for determining a radio 
terminal of which transmission of a retransmission request is permitted; and 

a retransmission control means for notifying the radio terminal which is 
determined of a permission of transmission of the retransmission request and for 
15 retransmitting concerning multicast information to the radio terminal in the service area 
when the retransmission request of multicast information is from the radio terminal 
determined by the retransmission-pennitted-tenninal determining means. 

13. The information delivery apparatus as described in claim 12, wherein 

20 the retransmission-pexmitted-terminal determining means determines in plural 

number radio terminals of which transmissions of the retransmission requests are 
permitted from the radio terminals located in the service area 

14. The information delivery apparatus as described in claims 12 to 13, 
25 wherein 

the information delivery apparatus further comprises a terminal changing means 
for changing the radio terminal of which the retransmission request should be permitted 
on the basis of status of retransmission request to multicast information from each of a 
radio terminal of which a retransmission request is permitted 

30 

15. The information delivery apparatus as described in claim 14, wherein 

the terminal changing means comprises a retransmission status managing means 
for managing status of retransmission request to multicast information from each of the 
radio terminals of which retransmission requests are permitted, and 
35 the terminal changing means changes the radio terminal of which the 
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retransmission request should be permitted on the basis of management information in the 
retransmission status managing means. 

16. A radio terminal receiving multicast information from an information 
5 delivery apparatus via radio section, comprising: 

a retransmission-penrdtted-terminal determining means for determining whether 
its own terminal is a terminal of which transmission of a retransmission request is 
permitted; and 

a retransmission requesting means for performing a retransmission request to a 
1 0 abnormal part of multicast information which is delivered in case that it is decided that its 
own terminal is the terminal of which transmission of the retransmission request is 
permitted by die retransmission-pennitted-temiinal determining means. 



17. The radio terminal as described in claim 16, wherein 
15 the retransmission-pemutted-teraiinal determining means determines the radio 

terminal of which transmission of the retransmission request is permitted on the basis of 
given information transmitted from the information delivery apparatus. 



18. The radio terminal as described in claim 16, wherein 

20 the retransmission-pemutted-terminal determining means determines whether its 

own terminal is the terminal of which transmission of the retransmission request is 
permitted on the basis of communication quality with the information delivery apparatus. 

19. Hie radio terminal as described in claims 16 to 18, wherein 

25 the radio terminal further comprises information correction means for correcting 

multicast information on the basis of the retransmission request from the retransmission 
request means in case that it is decided that its own terminal is the terminal of which 
transmission of the retransmission request is permitted by the retransmission-permitted- 
terminal deteniiining means, for specifying a abnormal part of multicast information 

30 which is delivered in case that it is decided that its own terminal is not the terminal of 
which transmission of the retransmission request is permitted by the retransmission- 
permitted-terminal detennining means, and for correcting the multicast information on the 
basis of a part of the multicast information which is received in case that the part of the 
multicast information which is same as the abnormal part of the multicast information 

3 5 which is specified is received form the information delivery apparatus. 
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[Detailed Description of the Invention] 
[Technical Field of the Invention] 

The present invention generally relates to a retransmission control method in a 
5 multicast service providing system. More particularly, the present invention is concerned 
with a method for retransmitting concerning multicast information wheal multicast 
information has no t been duly received by a radio terminal in a multicast service providing 
system, in which multicast information from an information delivery apparatus is 
delivered to radio terminals via radio section. 
10 The present invention also relates to an information delivery apparatus and a radio 

terminal that perform processing in accordance with the retransmission control method 
mentioned above. 

[The Conventional Art] 

15 Recently, the IP (Internet Protocol) network has come into wide spread as a 

backbone network in an access system. IGMP (Internet Group Management Protocol) is 
known as a protocol of multicast service that can be implemented on the IP network. The 
IGMP is a protocol to determine whether a route: sends multicast information to a sub- 
network in order to avoid congestion of communications in the network. 

20 Also, the methods for providing reliable multicast service have been studied in 

order to improve the reliability of multicast service. The methods for providing reliable 
multicast service can be defined as an end-to-end retransmission control used in a layer 
higher than the IP layer, namely, the transport layer. Principally, multicast is capable of 
delivering information to an innumerable number of terminals. If a part of the multicast 

2 5 information, more particularly, one of packets that form information is lost in delivery to 

the innumerable number terminals, these terminals will send a control signal for 
retransmission control. This would result in congestion of communications. Therefore, 
one of the major technical issues about reliable multicast service is to avoid occurrence of 
congestion caused by control information such as a signal of requesting retransmission. 

3 0 Under the circumstance mentioned above, the multicast service providing system 

has been required to have improvements as to how a router collects retransmission 
requests in the sub-network and sends collected requests to an upper network. However, in 
practice, an end server in multicast handles retransmission, and the router does not restrict 
end terminals in the sub-network to send requests for retransmission. The router has an 
35 important role of transferring information to an upper network without overlapping of 
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information and transferring retransmission information from the upper network to the 
sub-network without overlapping of retransmission information. 

[Problem the Invention Attempts to Solve] 
5 In a case where radio communications are applied to the access system, 

retransmission control in multicast service in a radio section has not been considered 
because of expected degradation of efficiency of use of radio resources and complexity in 
control If the method of reliable multicasting is applied to the radio section, control 
signals involved in retransmission request sent by radio terminals will be restricted. 
10 Otherwise, the radio section would be congested This will be described below in more 
detail. 

In the normal communication procedure, a retransmission control is performed 
between a radio base station BS and a radio terminal MS (Mobile Station), as shown in 
Fig. 13. The radio base station BS serially sends packets with a sequence number SN 
15 (Sequence Number) added thereto to the radio terminal MS. The radio terminal MS 
supervises the sequence number of a packet received. If the radio terminal MS detects lo ss 
of a received packet, the radio terminal MS immediately sends a retransmission request 
(NACK) to the radio base station BS together with the sequence number SN of the lost 
packet 

20 If the retransmission control procedure mentioned above is applied to the multicast 

service providing system, retransmission control will be performed as follows. 

As shown in Fig. 14, when radio terminals A through E among radio terminals A 
through J that are located in a service area Es receive multicast information that a radio 
base station BS broadcasts, the retransmission control is performed as shown in Fig. 12. 

25 In Fig. 15, the radio terminal BS serially sends multicast information as a packet of 

being added with the sequence number SN. The packet assigned SN=1 is duly received 
by radio terminals A, B, C and D, while it is not normally received by the radio base 
station E. In this case, the radio terminal E sends a retransmission request (NACK1 ) to the 
radio base station BS. The packet assigned SN=2 is duly received by all the radio 

30 terminals A, B,C,D and E. 

Also, the packet of SN=3 is not duly received by the radio terminals A, B, C, D 
and E at all Thus, the radio terminals A, B, C, D and E send retransmission requests 
(NACK3) to the radio base station BS. If the radio base station BS receives the 
retransmission request from only one radio terminal, the radio base station BS will 

35 broadcast the packet requested to the service area. However, in practice, each of all the 
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radio terminals A, B, C, D and E sends the respective retransmission request to the radio 
base station BS. The same situation as described above occurs for SN=6 and SN=7. 

Thus, the conventional retransmission control allows each radio terminal that fails 
to duly receive a packet to independently to said the retransmission request to the radio 
5 base station. This results in increase in traffic load because of transmission of 
retransmission requests. 

It is the first object of the present invention to provide a retransmission control 
method applicable to a multicast service providing system in which congestion in a radio 
section can be reduced. 

10 Also, it is the second object of the present invention to provide an information 

delivery apparatus that performs processing in accordance with the above retransmission 
control method. 

Further, it is the third object of the present invention is to provide a radio terminal 
that performs processing in accordance with the above-mentioned retransmission control 
15 method. 

[Means Used to Solve the Problem] 

In order to achieve the first object mentioned above, the present invention as 
described in claim 1 has a configuration of retransmission control method in a multicast 

2 0 service providing system in which multicast information is delivered to radio terminals in 
a service area via radio section from an information delivery apparatus, comprising the 
steps of: determining a radio terminal of which transmission of a retransmission request is 
permitted; and delivering concerning multicast information from the information delivery 
apparatus in case that a retransmission request of multicast information delivered from a 

2 5 determined radio terminal is received to the information delivery apparatus. 

In the retransmission control method as mentioned above, the retransmission 
requests of multicast information are not performed only from the radio terminals of 
which transmissions of the retransmission requests are permitted 

As mentioned above, since the retransmission requests only from a part of the 

30 radio terminals in the service area are not performed, in order to ensure a receiving quality 
in each radio terminal, it is preferable to determine radio terminals of reception errors 
which become correlation as high as possible with reception errors in radio terminals of 
which transmissions of the retransmission requests are not permitted as radio terminals of 
which retransmission requests are permitted 

35 A radio terminal of which transmission of a retransmission request is permitted, as 
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described in claim 2, can be determined in the information delivery apparatus. Also, a 
radio terminal of which transmission of a retransmission request is permitted, as described 
in claim 3, it can be performed to determine in each radio terminal whether its own 
terminal is or not of which transmission of a retransmission request is permitted. 
5 From a point of view to improve receiving quality of multicast information in 

more radio terminals, the present invention described in claim 4 can have a configuration 
of that, in each retransmission control method mentioned above, radio terminals 
determined as a radio terminal of which a retransmission request is permitted in the 
service area are plural in number. 

10 In this case, from a point of view to be able to ensure receiving qualities of other 

radio terminals in the service area, it is preferable to decide a plurality of radio terminals of 
which the retransmission requests are permitted so that a correlation of reception error in 
each radio terminal can be lowered as low as possible. 

The radio terminal of which the retransmission request mentioned above is 

15 permitted, as described in claim 5, can be determined by grouping on the basis of unique 
information of each of the radio terminals in the service area. The radio terminal of which 
the retransmission request mentioned above is permitted, as described in claim 6, can be 
determined on the basis of communication quality between the information delivery 
apparatus and each of the radio terminals. The radio terminal of which the retransmission 

20 request mentioned above is permitted, as described in claim 7, can be determined on the 
basis of distance between the information delivery apparatus and each of the radio 
terminals. The radio terminal of which the retransmission request mentioned above is 
permitted, as described in claim 8, can be determined on the basis of direction of each of 
die radio terminals from the information delivery apparatus. Also, The radio terminal of 

25 which the retransmission request mentioned above is permitted, as described in claim 9, 
can be determined on the basis of moving speed of each of the radio terminals. 

From a point of view to change the radio terminal of which the retransmission 
request is permitted determined as mentioned above, the present invention as described in 
claim 10, in each transmission control method described above, has a configuration of 

30 being able to change the radio terminal of which the retransmission request should be 
permitted on the basis of status of retransmission request to multicast information from 
each of the radio terminals of which retransmission requests are permitted. 

The status of retransmission request to the multicast information performed from 
each radio terminal of which the retransmission request mentioned above is permitted is 

3 5 the status of how the retransmission request to the multicast information from each radio 
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station is performed. The status indicates how at least each radio terminal performs the 
retransmission request of any information. According to the retransmission control 
method like this, for example, it is possible to change a radio terminal of which a 
retransmission request should be permitted when there are a plurality of radio terminals of 
5 which the statuses of retransmission requests to the multicast information are similar. 

Also, from the same point of view, the present invention as described in claimll 
can have a configuration to change the radio terminal of which the retransmission request 
should be permitted when the radio terminal of which the retransmission request is 
permitted ends receiving a delivery of multicast information. 

10 In order to achieve the second object mentioned above, the present invention as 

described in claim 12 has a configuration of information delivery apparatus delivering 
multicast information to radio terminals located in a service area via radio section, 
comprising: a retransmission-permitted-terminal determining means for determining a 
radio terminal of which transmission of a retransmission request is permitted; and a 

1 5 retransmission control means for notifying the radio terminal which is determined of a 
permission of transmission of the retransmission request and for retransmitting concerning 
multicast information to the radio terminal in the service area when the retransmission 
request of multicast information is from the radio terminal determined by the 
retransmission-permitted-terminal detennining means. 

20 In order to achieve the third object mentioned above, the present invention as 

described in claim 16 has a configuration of radio terminal receiving multicast information 
from an information delivery apparatus via radio section, comprising: a retransmission- 
permitted-terminal determining means for determining whether its own terminal is a 
terminal of which transmission of a retransmission request is permitted; and a 

25 retransmission requesting means for performing a retransmission request to a abnormal 
part of multicast information which is delivered in case that it is decided that its own 
terminal is the terminal of which transmission of the retransmission request is permitted by 
the retransmission-pemutted-temiinal determining means. 

30 [Embodiments of the Present Invention] 

In the following, an embodiment of the present invention will be described with 
reference to figures. 

A multicast service providing system in which a processing is performed in 
accordance with a retransmission control method related to an embodiment of the present 
35 invention is configured as shown in Fig. 1 for example. 
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In Fig. 1, a radio base station 20 broadcasts information A (hereinafter, referred to 
as multicast information) supplied over an P network or the like to a service area Es. 
Radio terminals 10(a mobile telephone, a personal computer having a communication 
function or the like) located in the service area Es can receive multicast information A 
5 broadcasted from the radio base station 20. 

The radio base station 20 is configured as shown in Fig. 2 for example. 

The radio terminal 20 includes a transmitter/receiver 21, a multicast information 
memory unit 22, a network control unit 23, an information delivery control unit 24, and a 
retransmission-pemutted-temiinal determining unit 25. The transmitteoteceiver 21 
10 performs a radio communication with the radio terminals 10 in the service area Es. Hie 
multicast information memory unit 22 stores multicast information that is received by the 
network control unit 23 over a network and is to be delivered 

The information delivery control unit 24 performs a control which broadcasts the 
multicast information stored in the multicast information memory unit 22 to the service 
15 area Es from the transmitter/receiver 21. The information delivery control unit 24 
performs a control to retransmit multicast information according to a retransmission 
request from the radio terminals 10. The retr^smission-permitted-tenninal detemiining 
unit 25 determines, from among the radio terminals 1 0 located in the service area Es, radio 
terminals to which multicast information can be retransmitted. The control to the 
20 retransmission mentioned above is executed in accordance with a method that will be 
described later. When a retransmission request is received by a radio terminal that is one of 
the radio terminals determined by the retransmission-permitted-tenninal determining unit 
25, the information delivery control unit 24 performs a control to retransmit multicast 
information. 

25 A retransmission control for example as shown in Fig. 3 is performed in the 

multicast service delivery system mentioned above which delivers the multicast 
information form the radio base station as mentioned above to each radio terminal located 
in the service area Es. In this case, given multicast information is delivered to radio 
terminals A, B, C, D, and E (hereinafter, reference symbols of radio terminals are used as 

30 English characters) from radio base station BS (hereinafter, reference symbols of radio 
base station is used as BS) in the same way as shown in Fig. 13. 

First, the radio base station BS communicates with all the radio terminals located 
in the service area Es. The transmission-permitted-terminal determining unit 25 
determines radio terminals to which multicast information can be retransmitted in 

35 accordance with a given standard Then, the radio base station BS notifies the 
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retransmission permitted radio terminals of permission of retransmission. It is now 
assumed that only radio terminals B and D among radio terminals A, B, C, D, and E are 
determined as terminals to which multicast information can be delivered 

After determining the retransmission-permitted radio terminals in the way 
5 mentioned above, the radio base station BS broadcast packets of multicast information 
stored in the multicast information memory unit 22 to the service area Es in accordance 
with the control of the information delivery control unit 24. Thai, the retransmission 
control is performed in accordance with the sequence shown in Fig. 3. 

In Fig. 3, packet of SN=1 is duly received by the radio terminals A, B, C and D, 

1 0 while not duly received by the radio terminal R In this case, the radio terminal E is placed 
out of the retransmission control. Thus, the radio terminal E does not send a 
retransmission request to the radio base station BS. The radio terminals B and D, which 
are placed in the subject of retransmission control, duly receive the packet of SN=1, and 
do not said the retransmission requests. Hence, the packet of SN=1 is lost in the radio 

15 terminal E. 

Packet of SN=2 is duly received by all the radio terminals A, B, C, D, and E, but 
packet of SN=3 are not duly received by the radio terminals A, B, C, D, and E at alL In 
this case, only the two radio terminals B and D, among five radio terminals A through E, 
that become the subject of the retransmission control send a retransmission request 

20 (NACK3) to the radio base station BS. Thai, the radio base station BS retransmits the 
packet of SN=3 of the multicast information stored in the multicast information memory 
unit 22 on the basis of the control of the information delivery control unit 24. Thus, it is 
possible for the radio terminals B and D that have issued the retransmission requests to 
receive the packet of SN=3 and for the remaining radio terminals A, C, and E that have 

25 not issued retransmission requests to receive the packet of SN=3. Thus, all the radio 
terminals A through E can duly receive the packet of SN=3. 

Packet of SN=4 is duly received by the radio terminals A, B, and C, whereas not 
duly received by the radio terminals D and E. In this case, only the radio terminal D placed 
in the subject of retransmission control sends a retransmission request (NACK4) to the 

30 radio base station BS. According to the retransmission request, the radio base station BS 
retransmits the packet of SN=4. As a result, not only the radio terminal D that has issued 
the retransmission request but also the radio terminal E that has not issued retransmission 
request are now able to receive the packet of SN=4. 

Packets of SN=6 and SN=7 is not duly received by all the radio terminals A 

3 5 through E, as in the case of SN=3. However, the packets of SN=6 and SN=7 retransmitted 
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from the radio base station BS on the basis of retransmission request from the radio 
terminals B and D can be received to all the radio terminal A through E. Also, packet of 
SN=8 is duly received by the radio terminals A and B, but is not received by the radio 
terminals C, D, and E. In this case, the radio terminal D placed in the subject for the 
5 retransmission control sends a request for retransmission (NACK8) to the radio base 
station BS. Thai, the radio terminal E that has not issued retransmission request as well as 
the radio terminal D that has issued retransmission request can receive the packet of SN=8 
that is retransmitted by the radio base station BS on the basis of the retransmission request 
from the radio terminal D. 

10 According to the retransmission control mentioned above, even if the radio 

terminal A has failed to receive packets of SN=3, SN=6, and SN=7 and has not issued 
retransmission request at all, the radio terminal A will be able to receive all the missing 
packets. Similarly, even if die radio terminal C has failed to receive packets of SN=3. 
SN=6, SN=7 and SN=8 and has not issued retransmission request at all, the radio terminal 

15 C will be able to receive all the missing packets. Similarly, even if the radio terminal E, 
although not able to receive the retransmission to packet of SN=1, has failed to receive 
packets of SN=1, SN=3, SN=6, SN=7 and SN=8 and has not issued retransmission 
request, the radio terminal E will be able to receive all the missing packets. 

According to the present embodiments, a part of a plurality of radio terminals 

20 receiving delivery of multicast information are determined to be the subjects of 
retransmission control. If any one of the predetermined radio terminals fail to duly receive 
a packet, the retransmission request is sent to the radio base station BS. Hence, the radio 
base station BS receives retransmission requests in a reduced number. It has high 
probability that a radio terminal which has a high correlation with the radio terminals 

2 5 placed in subject of the retransmission request will receive a retransmission of packets on 
the basis of retransmission request from the radio terminals placed in subject of the 
retransmission request, although the radio terminal not sending retransmission requests. 
This would result in slight degradation of the quality of received multicast information at 
radio terminals. 

30 The radio base station BS receives a plurality of retransmission requests to the 

same SN packet In this case, die radio base station BS may retransmit multicast 
information in response to the retransmission request that is received first, and may neglect 
subsequent retransmission requests. In other words, the radio base station BS considers a 
plurality of radio terminals as a single subject for control The retransmission request may 

35 be sent a plurality of number of times in order to ensure more reliable service. In this case, 
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a control message for retransmission request may include information that indicates how 
many times the retransmission request has repetitively been sent (the number of times of 
retransmission). In this case, a control message that has the same SN and the same number 
of times of retransmission is neglected, so that the retransmission control of the radio base 
5 station can be more simplified 

In the retransmission control in accordance with the procedure mentioned above, it 
is very important to determine which radio terminals should be placed in the subject of 
retransmission control because this will greatly affect the quality of received multicast 
information in each radio terminal. Generally, the higher the correlation between reception 

10 error at radio terminals which are placed in the subject of retransmission control and 
reception error at radio terminals which are placed out of the subject of retransmission 
control, the greater the effects of the retransmission control mentioned above. Also, the 
lower the correlation of reception error among radio terminals that are placed in the 
subject of retransmission control, the greater the effects of the retransmission control. In 

15 consideration of the above, the retransmission-permitted terminal determining unit 25 of 
the radio base station BS determines radio terminals that are placed in the subject of 
retransmission control in the following manner. 

(1) It is possible to determine radio terminals to be placed in the subject of 
retransmission control by grouping radio terminals. 

20 Generally, each of the radio terminals has a unique identifier, which is, for 

example, a unique telephone number, a unique MAC address and a unique ED. The radio 
terminals are grouped by using the unique identifiers. For example, the subject for the 
retransmission control is a radio terminal having an identifier that satisfies a condition that, 
when the present identifier is divided by ten, the remainder is equal to 3. In this case, as 

25 shown in Fig. 4, among radio terminals A through J located in the service area Es of the 
radio base station BS, radio terminals A, G, H, E and I that are grouped by the above- 
condition based on the identifier are determined to be placed in the subject of 
retransmission control This makes it possible to determine radio terminals that are located 
at random in the service area Es to be placed in the subject of retransmission control. 

30 In the example mentioned above, by using a smaller number (a number smaller 

than 10) by which the identifier is divided, it is possible to determine a largo: number of 
radio terminals to be placed in the subject of retransmission control In this manner, the 
number of radio terminals that should be placed in the subject of retransmission control 
can be adjusted 

35 (2) It is possible to determine radio terminals to be placed in the subject of 
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retransmission control by using the quality of communications with the radio base station 
BS. 

For example, as shown in Fig. 5, radio terminals A through J located in the service 
area Es of the radio base station BS measure received power of a perch channel from the 
5 radio base station BS. Radio stations A, B, C, D and E that measure received power levels 
lower than a given threshold level recognize their own stations to be permitted to issue a 
retransmission request (determined to be placed in the subject of retransmission control). 

Alternatively, the radio base station BS measures received levels of controls 
signals such as connection requests sent by the radio terminals at the time of making an 

10 initial connection. Then, the radio base station BS determines radio terminals having 
received levels lower than a given threshold level to be placed in the subject of 
retransmission control. In this case, die radio base station BS notifies each of the radio 
terminals determined to be placed in the subject of retransmission control that it is 
permitted to send a request for retransmission. Such a notification may be sent as 

1 5 broadcasting information using the perch channel or may be sent by individually sending 
a related control signal to each of the selected radio terminals. 

The use of received levels as a parameter that represents the quality of 
communications is based on a situation in which radio terminals related to relatively low 
received levels have a high packet error ratio and more frequently issue retransmission 

20 request than radio terminals related to relatively high received levels. There is a high 
possibility that a packet which results in reception error at radio terminals that relatively 
frequently issue retransmission request may result in reception error at other radio 
terminals that ensure the quality of communications to some extent Therefore, the quality 
of communications can be improved by determining radio terminals that have a high error 

2 5 correlation with other radio terminals to be placed in the subject of retransmission control. 

Besides the received level, a packet error ratio or bit error ratio may be used as a 
parameter that represents the quality of communications. 

(3) It is possible to determine radio terminals to be placed in the subject of 
retransmission control by using the distance between the radio base station BS and each 
30 radio terminal. 

The distance between the radio base station and each radio terminal is measured 
on the basis of the communication status there between. Radio stations that are away from 
the radio base station BS over a given distance can be determined to be placed in the 
subject of retransmission control This would result in almost the same effects as those 

3 5 brought by the retransmission control based on the quality of communications. 
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Also, as shown in Fig. 6, a plurality of stepwise threshold levels that depend on 
distance are set, and radio terminals located in different distance ranges are determined to 
be placed in the subject of retransmission control. Each of the different distance ranges is 
defined by a plurality of stepwise threshold levels. For instance, Fig. 6 shows radio 
5 terminals H, G and A that are respectively located in different distance ranges. The radio 
terminal H is located within a range of 10 metes from the radio base station BS. The radio 
terminal G is located within a range of 10 meters to 30 meters. The radio terminal A is 
located within a range over 30 meters. 

Li this case, it is expected that radio terminals located in the different distance 

10 ranges with regard to the radio base station have a relatively small correlation in terms of 
packet error. Hence, it is possible to improve the quality of received multicast information 
at the radio terminals A through J in the service area Es. 

(4) It is possible to determine radio terminals to be placed in the subject of 
retransmission control by using the directions with respect to the radio base station BS in 

15 which radio terminals exist 

For example, as shown in Fig. 7, assuming that the radio base station BS can 
detect radio terminals in four directions Dl, D2, D3, and D4, the radio base station BS 
determines, for each of the directions Dl, D2, D3, and D4, one of the radio terminals to be 
placed in the subject of retransmission control In the example of Fig. 7, radio terminals C, 

20 B, F, and J respectively located in the directions Dl, D2, D3, and D4 are determined to be 
placed in the subject of retransmission control respectively. Two or more radio terminals 
can be selected for the retransmission control in each of the directions Dl through D4. 

In the manna: mentioned above, the radio base station BS is required to detect the 
directions of the radio terminals located in the service area Es. When the radio base station 

25 BS is equipped with a sector antenna, the radio base station BS can detect radio terminals 
on the sector basis. When the sector antenna has an increased number of sectors, only one 
radio terminal can be selected from a plurality of sectors. When the radio base station BS 
is equipped with an adaptive array antenna, the radio base station BS cannot recognize the 
physical directions of radio terminals, while the sector antenna can recognize the physical 

30 directions. However, it is possible to select as the subject of the retransmission control 
radio terminals that have different patterns of weighting factors of an adjuster of the 
adaptive array antenna in communications. The radio terminals thus selected are located in 
logically different directions. 

Accordingly; there is a high possibility that the radio terminals located in different 

35 directions from the radio base station BS may have different propagation environments 
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and have a low correlation in terms of reception error. Thus, a large number of radio 
terminals would enjoy the effects of retransmission of multicast information. 

(5) It is possible to determine radio terminals that should receive the 
retransmission control by using the moving speeds thereof. 
5 For example as shown in Fig. 8, the moving speeds of radio terminals A through J 

in the service area Es are measured on the basis of the communication status between the 
radio base station BS and each of the radio terminals A through J. Radio stations C, F, H 
and J that have speeds lower than a given threshold level are determined to be placed in 
the subject of retransmission control 

10 When a radio terminal move at a relatively high speed, the radio terminal would 

stay in the service area Es for a short time. If such a radio terminal is determined to be 
placed in the subject of retransmission control, there will be an increased possibility that 
the radio terminal to be placed in the subject of retransmission control may be out of the 
service area Es. In order to avoid such a situation, radio terminals moving at relatively low 

15 speeds are selected as the subjects of retransmission control. Thus, it is no longer 
necessary to frequently change the radio terminals for retransmission control, so that the 
retransmission control can be more simplified. 

The radio terminals placed in the subject of retransmission control are determined 
by any of the above-mentioned (1) through (5). If radio terminals do not enjoy the results 

20 of the retransmission control that is executed to the selected radio terminals very well, it is 
preferable to change the radio terminals to be placed in the subject of retransmission 
control as follows. 

For example, as shown in Fig. 9 (a), it is assumed that only radio terminals A 
through D among radio terminals A through J located in the service area Es of the radio 

2 5 base station BS are selected as radio terminals to be placed in the subject of retransmission 

control in accordance with any one of the methods mentioned above. In this case, the 
information delivery control unit 24 of the radio base station BS manages retransmission 
requests from the radio terminals that are placed in the subject of retransmission control. 
For example, a management table shown in Fig. 10 is used to manage the status of 

3 0 retransmission requests from each of the radio terminals A, B, C and D. The management 

table shows that a retransmission request for the packet of SN=2 has been received from 
radio terminal D and retransmission requests for the packet of SN=3 have been received 
from the radio terminals A, B and C. The management table shows that a retransmission 
request for the packet of SN=5 has been received from the radio terminal C and 
35 retransmission requests for the packet of SN=7 have been received from the radio 
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terminals A and B. 

The retransmission-pemiitted-termin^ detemiining unit 25 of the radio base 
station BS changes one or more radio terminals on the basis of the status of the 
retransmission requests from the radio terminals managed by the information delivery 
5 control unit 24 as mentioned above. 

A situation in which retransmission requests of an identical packet are made by a 
plurality of radio terminals can be considered to be the same as a situation in which only 
one of these radio terminals makes the request for retransmission because the requested 
packet is retransmitted in either case. If the situation often occurs(equal to or more than a 

10 predetermined times), the radio resources will be used wastefully. The situation can be 
avoided by referring to the management table in order to detect a situation in which a 
plurality of radio terminals have request retransmission of the identical packet a 
predetermined number of times or more. If such a situation is detected, only one of the 
plurality of radio terminals is left for the subject of retransmission control, and the 

15 remaining radio terminals are changed with other radio terminals. 

For example, in the example shown in Fig. 9 (a) and Fig. 10, the radio terminals A 
and B issue retransmission request for the packets of SN=3. SN=7 and SN=8. That is, 
each of the radio terminals A and B issue retransmission requests of the identical packets 
three times. In this case, the radio terminal F is replaced in the subject of retransmission 

20 control instead of the radio terminal A, as shown in Fig. 9 (b). The radio terminal F is 
selected on the condition that the correlation between reception error that may occur at the 
radio terminal F and reception error that may occur at the radio terminal A can be reduced 
as greatly as possible. Then, the radio base station BS notifies the radio terminal A that it 
has been placed out of the subject of retransmission control, and notifies the radio terminal 

25 F that it has been replaced in the subject of retransmission control (retransmission is 
permitted). 

Thus, it is possible to prevent waste of the radio resources and improve the quality 
of communications at radio terminals in the service area Es, by changing the radio 
terminal placed in the subject of retransmission control in the manner mentioned above. 
30 In case that a communication between the radio terminal placed in the subject of 

retransmission control and the radio base station BS fails to continue due to a handover or 
termination of multicast reception in the radio terminal, it is necessary to change the radio 
terminal placed in the subject of retransmission controL 

In this case, for example, as shown in Fig. 11, immediately before handover or 
35 termination of multicast reception, the radio terminal A placed in the subject of 
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retransmission control notifies the radio base station BS of the handover or tennination of 
multicast reception. When receiving the notification mentioned above, the radio base 
station BS changes the radio terminal placed in the subject of retransmission control from 
the radio terminal A to the radio terminal F. Then, the radio base station BS notifies the 
5 radio terminal F that the radio terminal F is now placed in the subject of retransmission 
control. It is preferable that the radio terminal to be selected in the above-mentioned 
example has correlation with the radio terminal to be replaced in terns of reception error 
as high as possible. 

The above-mentioned examples are mainly designed so that the radio base station 
10 BS determines radio terminals to be placed in the subject of retransmission control, 
enables and notifies these radio terminals that they are now placed in the subject of 
retransmission control. Alternatively, as previously described with regard to the example 
(2) of determining radio terminals to be placed in the subject of retransmission control, 
radio terminals may determine whether their own stations are placed in the subject of 
1 5 retransmission control in accordance with any of the aforementioned procedures. 

The configuration of the radio base station 20 shown in Fig. 1 is directed to 
determining which radio terminals should be placed in the subject of retransmission 
control on the side of the radio base station 20. As mentioned above, each radio terminal 
may be designed to determine whether its own station is placed in the subject of 

2 0 retransmission control for itself. Such a radio terminal may has a configuration as shown 

in Fig. 12. 

In Fig. 12, the radio terminal 10 includes a transmitter/receiver 11, a control unit 
12, an output unit 13, a retransmission-request-permitting decision making unit 14, and a 
retransmission request control unit 15. The transmitter/receiver 11 communicates with the 
25 radio base station 20, and receives multicast information delivered from the radio base 
station 20. The control unit 12 controls the transmitter/receiver 11 and checks reception 
error that may be contained in the received multicast information. The output unit 13 
acquires information received by the transmitter/receiver 11 via the control unit 12, and 
can output the acquired information to an output device such as a display unit The 

3 0 received information from the output unit 12 may be output to a personal computer or the 

like. 

The retransmission request determining unit 14 determines whether or not its own 
station is permitted to be placed in the subject of retransmission control on the basis of the 
reception quality of the signal (received level, error ratio, die amount of interference or the 
35 like) sent by the radio base station 20 and received by the transmitter/receiver 11 (for 
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example, refer to (2) method mentioned before). Also, the retransmission request 
detertnining unit 14 may determine whether its own station is permitted to be placed in the 
subject of retransmission control on the basis of a notification indicating that the radio 
terminal has just been determined to be placed in the subject of retransmission control. 
5 The retransmission request control unit 15 is enabled only when it is determined, 

by the retransmission request determining unit 14, that its own station has been placed in 
the subject of retransmission control (refer to Fig. 3), the retransmission request control 
unit 15 instructs the transmitter/receiver 11 to send a retransmission request signal 
(NACK) to the radio base station 20 if loss of packet happens (abnormal). 

10 If the retransmission request signal is sent to the radio base station 20 by the 

transmitter/receiver 11, the requested packet will be retransmitted on the basis of the 
instruction from the retransmission request control unit 15. The retransmitted packet is 
then received by the transmitter/receiver 11 and is used to correct the received multicast 
information. Then, the corrected multicast information is supplied to the output unit 13 by 

15 the control unit 12. if the retransmission-request-pemiitting decision making unit 14 
determines that its own station is not permitted to be retransmission request, the 
retransmission request control unit 15 is disabled In this case, if earor of received packet, 
namely, loss of packet is detected, the controller 12 retains the packet serial number SN of 
the questioned packet When the packet of the same serial number SN as that of the 

2 0 erroneous packet is retransmitted in response to a retransmission request made by another 

radio terminal and is then received by the present radio terminal, the multicast information 
is corrected by using the retransmitted packet and is then supplied to the output unit 1 3. 

In the examples mentioned above, the radio base station corresponds to the 
information delivery apparatus, the retransmission-pemiitted-tmninal determining unit 25 
25 in the radio base station corresponds to retransmission permission determining means, also 
the information delivery control unit 24 (refer to Fig. 1) in the radio base station 
corresponds to the retransmission control unit Further, the retransmission request 
determining unit 12(refer to Fig. 12) in the radio terminal corresponds to the 
retransmission request permission determining means, and the retransmission request 

3 0 control means 14 corresponds to the retransmission request means. 

[Advantages of the Invention] 

As described above, according to the present invention as described in claims 1 to 
11, since a retransmission request of multicast information is not performed from only 
35 radio terminals of which transmissions of retransmission requests are permitted, 
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congestion in the radio section can be reduced 

Also, according to the present invention as described in claims 12 to 15, it is 
possible to provide an information delivery apparatus which performs the processing in 
accordance with the retransmission control method mentioned above. 
5 Further, according to the present invention as described in claims 16 to 18, it is 

possible to provide a radio terminal which performs the processing in accordance with the 
retransmission control method mentioned above. 

[Brief Description of the Diagrams] 
10 Fig. 1 is a block diagram of a multicast service providing system to which a 

retransmission control method according to an embodiment of the present invention is 
provided 

Fig. 2 is a block diagram of a configuration of a radio base station used in the 
system shown in Fig. 1. 

15 Fig. 3 is a sequence diagram of a multicast information (packet) transmission 

procedure and a retransmission request sending procedure which procedures are 
performed between the radio base station and each radio terminal. 

Fig. 4 is a diagram illustrating a first example of determining radio terminals to be 
placed in the subject of retransmission control. 
20 Fig. 5 is a diagram illustrating a second example of deteraiining radio tenninals to 

be placed in the subject of retransmission control. 

Fig. 6 is a diagram illustrating a third example of determining radio terminals to be 
placed in the subject of retransmission control. 

Fig. 7 is a diagram illustrating a fourth example of detemiining radio terminals to 
25 be placed in the subject of retransmission control. 

Fig. 8 is a diagram illustrating a fifth example of determining radio terminals to be 
placed in the subject of retransmission control. 

Fig. 9 is a diagram of change of radio terminals to be placed in the subject of 
retransmission control. 

30 Fig. 10 is a diagram of a management table used for managing status of 

retransmission requests sent from radio terminals. 

Fig. 11 is a diagram of change of radio terminals to be placed in the subject of 
retransmission control. 

Fig. 12 is a block diagram of a configuration of radio terminal. 
35 Fig. 13 is a sequence diagram of a transmission procedure of a retransmission 
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request for information (packet) between a radio base station and a radio terminal in a 
general communication sequence. 

Fig. 14 is a diagram of radio terminals that receive multicast information delivery 
service in a service area of a radio base station. 
5 Fig. 15 is a sequence diagram of a transmission procedure of a retransmission 

request for multicast information in accordance with a conventional retransmission control 
method 

[Description of Reference Symbols] 
10 (A-J) Radio terminal 
10 20 (BS) Radio radio base station 
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[Name of Document] ABSTRACT 
[Abstract] 

[Problem to Be Solved] The object of the present invention is to provide a 
retransmission control method in the system of providing multicast service in order to 
5 reduce congestion in the radio section. 

[Solution Means] A retransmission control method in a multicast service providing 
system in which multicast information is delivered to radio terminals in a service area via 
radio section from an information delivery apparatus, comprises the steps of determining a 
radio terminal of which transmission of a retransmission request is permitted, and 
10 delivering concerning multicast information from the information delivery apparatus in 
case that a retransmission request of multicast information delivered from a determined 
radio terminal is received to the information delivery apparatus. 
[Selected Drawing] FIG. 3 
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[Name of Documait] DRAWING 
[FIG. 1] 

A block diagram of a multicast service providing system to which a 
retransmission control method according to an embodiment of the present invention is 
5 provided. 
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[FIG.2] 

A block diagram of a configuration of a radio base station used in the system 
shown in Fig. 1. 
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[FIG.3] 

A sequence diagram of a multicast information (packet) transmission procedure 
and a retransmission request sending procedure which procedures are performed between 
the radio base station and each radio terminal. 
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[F1G.4] 

A diagram illustrating a first example of determining radio terminals to be placed 
in the subject of retransmission control 
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[FIG.5] 

A diagram illustrating a second example of determining radio terminals to be 
placed in the subject of retransmission control. 
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[FIG.6] 

A diagram illustrating a third example of deteraiining radio terminals to be placed 
in the subject of retransmission control. 
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[F1G.7] 

A diagram illustrating a fourth example of determining radio terminals to be 
placed in the subject of retransmission control. 
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[FIG.8] 

A diagram illustrating a fifth example of determining radio terminals to be placed 
in the subject of retransmission control. 
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[FIG. 9] 

A diagram of change of radio terminals to be placed- in the subject of 
retransmission control 



FIG. 12 
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[FIG. 10] 

A diagram of a management table used for managing status of retransmission 
requests sent from radio terminals. 
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[FIG. 11] 

A diagram of change of radio terminals to be placed in the subject of 
retransmission control. 
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[FIG. 12] 

A block diagram of a configuration of radio terminal. 
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[FIG. 13] 

A sequence diagram of a transmission procedure of a retransmission request for 
information (packet) between a radio base station and a radio terminal in a general 
communication sequence. 
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[FIG. 15] 

A sequence diagram of a transmission procedure of a retransmission request for 
multicast information in accordance with a conventional retransmission control method 




